Introduction {#Sec1}
============

The recent COVID-19 emergency affected worldwide healthcare systems causing a rapid redefinition of the daily medical practice organization at every level \[[@CR1]--[@CR3]\]. To contain the spread of COVID-19 and to optimize hospital resources, all non-urgent diagnostic imaging studies, including nuclear cardiology procedures, have been postponed limiting the use of all available elective diagnostic imaging tools \[[@CR4]\]. Suddenly, all the gained knowledge regarding the prognostic power of early diagnosis in all medicine fields have given the way to emergency measures with great concern about the clinical implications of primary prevention tool stoppage \[[@CR5]\]. The reduction of timely diagnosis may have substantial consequences on diseases with high mortality rate, such as coronary artery disease (CAD) \[[@CR6]\]. However, the real effect of this abrupt interruption has not yet been quantified.

Italy was among the first countries dramatically stricken by COVID-19 outbreak \[[@CR7]\]. Therefore, the evaluation of the impact of containment measures against COVID-19 spread on the non-COVID-19 diseases in Italy may measure the magnitude of the effect on larger scale. Piccolo et al. \[[@CR8]\] recently investigated the association between the outbreak of COVID-19 and percutaneous coronary intervention (PCI) rates for acute coronary syndrome (ACS) in the Campania region, accounting for about 10% of the entire Italian population. They found evidence that the outbreak of COVID-19 was associated with a decline by 32% in the number of PCI for ACS suggesting two potential explanations. If on one hand chest pain, which is the most frightening sign who lead patients to emergency room, might be underestimated due to the COVID-19 fear, on the other, physical activity that might trigger an ACS has significantly decreased during lockdown. The aim of this study was to assess the impact of the COVID-19 pandemic on stress single-photon emission computed tomography (SPECT) myocardial perfusion imaging (MPI) work-up for ischemic heart disease during the lockdown imposed by the Italian Government \[[@CR7]\]. For this purpose, we reviewed the data of stress SPECT-MPI performed between February and May 2020, in comparison with the corresponding months of the years 2017, 2018, and 2019.

Methods {#Sec2}
=======

Study protocol {#Sec3}
--------------

All patients included in the study were part of ongoing prospective dedicated database \[[@CR9]\]. The study was approved by the Ethical Committee "Carlo Romano," University of Naples Federico II, and all patients were informed and signed a written consent to participate to this study.

Clinical definitions {#Sec4}
--------------------

As part of the baseline examination, clinical teams collected information on traditional cardiovascular risk factors, including age, gender, chest pain, smoking history, family history of CAD, diabetes, hypertension, and known CAD. Chest pain was classified according to the American College of Cardiology/American Heart Association 2002 guideline update on exercise testing \[[@CR10]\]. Patients were considered as having diabetes if they were receiving treatment with oral hypoglycemic drugs or insulin. A family history of premature CAD was defined as a diagnosis of CAD in a first-degree relative prior to or at 55 years of age. Hypertension was defined as a blood pressure \> 140/90 mmHg or use of anti-hypertensive medication. Hyperlipidemia was defined as total cholesterol level \> 6.2 mmol/L or treatment with cholesterol lowering medication. Smoking history was defined as prior or current tobacco use. A patient was considered to have known CAD at the time of imaging based on a provided history of previously diagnosed atherosclerotic coronary disease, history of myocardial infarction (chest pain or equivalent symptom complex, positive cardiac biomarkers, or typical electrocardiographic changes), history of percutaneous coronary intervention, or history of coronary artery bypass grafting.

Myocardial perfusion imaging {#Sec5}
----------------------------

Patients underwent stress-optional rest ^99m^Tc sestamibi-gated stress SPECT-MPI by physical exercise or dipyridamole stress test, according to the recommendations of the European Association of Nuclear Medicine \[[@CR11]\]. During the pandemic, pharmacological stress was preferred to exercise stress test and criteria to prioritize patients were implemented, according to the recommendations of the American Society of Nuclear Cardiology and Society of Nuclear Medicine and Molecular Imaging \[[@CR4]\]. Decisions were made based on clinical judgment on expected benefit to guide management, on the urgency of the test, and in discussion with the referring clinician. SPECT-MPI was performed as scheduled: (1) for evaluation of ischemia in moderate- to high-risk patients considered for urgent coronary revascularization, (2) in patients with intermediate pretest CAD likelihood or when suspicion of CAD was high but coronary angiography had greater risk, and (3) for evaluation of ischemia in moderate- to high-risk patients in whom surgical procedure was urgent and revascularization was an option. On the other hand, the test was postponed by 2--4 months for evaluation of ischemia follow-up when there was no urgent revascularization plan.

At peak exercise, or 4 min after completion of dipyridamole infusion, a bolus of 155 MBq of ^99m^Tc-sestamibi was intravenously injected \[[@CR12], [@CR13]\]. For stress imaging studies, recordings were obtained by cadmium-zinc telluride (CZT)-SPECT (D-SPECT, Spectrum Dynamics, Caesarea, Israel) system using 9 pixilated CZT crystal detector columns mounted vertically spanning a 90° geometry \[[@CR14]\]. Each of the columns consists of 1024 (16 × 64) 5-mm thick CZT crystal elements (2.46 × 2.46 mm). Square hole tungsten collimators are fitted to each of the detectors, which are shorter than conventional low-energy, high-resolution collimators, yielding significantly better geometric speed. Data were acquired focusing on the heart by the detectors rotating in synchrony and saved in list mode. Images were obtained with the patient in a semi-recumbent position. A 10-s pre-scan acquisition was performed to identify the location of the heart and to set the angle limits of scanning for each detector (region of interest-centric scanning). Using the myocardial count rate from the pre-scan acquisition, the time per projection was set to target the recording of 1000 myocardial kcounts. For rest-optional images, a second intravenous bolus of 370 MBq of ^99m^Tc-sestamibi was injected followed by rest imaging recording. The duration of the scans was less than 10 min for stress and 4 min for rest. Summed and gated projections were reconstructed with an iterative maximum likelihood expectation maximization algorithm using 7 and 4 iterations, respectively \[[@CR15]\].

Imaging interpretation {#Sec6}
----------------------

An automated software program (e-soft, 2.5, QGS/QPS, Cedars-Sinai Medical Center, Los Angeles, CA) was used to calculate the scores incorporating both the extent and severity of perfusion defects, using standardized segmentation of 17 myocardial regions \[[@CR16]\]. The summed stress score (SSS), representing the total abnormal myocardium (i.e., necrotic and ischemic tissue), was obtained by adding the scores of the 17 segments of the stress images. A SSS \> 3 was considered abnormal \[[@CR17]\]. A similar procedure was applied to the resting images to calculate the summed rest score and the summed difference score. Total perfusion defect reflecting a combination of both severity and extent of myocardial defect was also calculated and categorized according to the presence of ≥ 10% of abnormal myocardium.

Statistical analysis {#Sec7}
--------------------

Continuous data are expressed as mean ± standard deviation and categorical data as percentage. Student's *t* test and *χ*^2^ test were used to compare the differences in continuous and categorical variables, respectively. Poisson regression was used to compare the number of SPECT-MPI test performed during the lockdown and those during the corresponding time interval of the previous 3 years. Multivariable logistic regression analysis for predicting abnormal SPECT-MPI was performed for lockdown period and corresponding period of previous 3 years. Two-tailed *P* values \< 0.05 were considered significant. Statistical analysis was performed with R software version 3.6.3 (R Foundation for Statistical Computing, Vienna, Austria).

Results {#Sec8}
=======

A total of 1361 stress SPECT-MPI were considered, including all tests performed during the pandemic between February and May 2020 and those performed in the corresponding months of the prior 3 years (2017, 2018, and 2019).

The number of stress SPECT-MPI studies performed during the pandemic (*n* = 123) was significantly lower (*P* \< 0.0001) compared with the mean number of procedures in the corresponding months of the years 2017, 2018, and 2019 (*n* = 413) (Fig. [1](#Fig1){ref-type="fig"}). However, the percentage of abnormal stress SPECT-MPI studies was similar (*P* = 0.65) during the pandemic (36%) compared with mean percentage value of the corresponding months of the years 2017, 2018, and 2019 (34%) (Fig. [2](#Fig2){ref-type="fig"}). Of note, given the mean number of 139 abnormal stress SPECT-MPI in the previous 3 years and the number of 44 abnormal tests during the pandemic, there was a 68% of abnormal test missed. Baseline characteristics of the entire population according to the year of SPECT-MPI execution are reported on Table [1](#Tab1){ref-type="table"}. Most of the considered variables were comparable between the two study periods.Fig. 1Number of stress SPECT-MPI procedures performed during COVID-19 pandemic and during corresponding months of the years 2017, 2018, and 2019 (*P* for trend \< 0.0001)Fig. 2Prevalence of abnormal stress SPECT-MPI studies during COVID-19 pandemic and during the corresponding months of the years 2017, 2018, and 2019. The percentage of abnormal stress SPECT-MPI studies was similar (*P* = 0.65)Table 1Baseline characteristics of overall population according to the year of MPI executionAll (*n* = 1361)2020 (*n* = 123)2017--2019 (*n* = 1238)*P* valueAge (years)64 ± 1164 ± 1064 ± 110.14Male gender, *n* (%)439 (32)29 (24)410 (33)\< .05Body mass index (kg/m^2^)29 ± 529 ± 529 ± 60.43Chest pain, *n* (%)468 (34)37 (30)431 (35)0.29Diabetes, *n* (%)437 (32)47 (38)390 (32)0.12Dyspnea, *n* (%)624 (46)49 (40)575 (46)0.16Family history, *n* (%)729 (54)60 (49)669 (54)0.26Hypertension, *n* (%)1070 (79)102 (83)968 (78)0.22Hyperlipidemia, *n* (%)949 (70)92 (75)857 (69)0.20Smoking, *n* (%)416 (31)26 (21)390 (32)\< .05Known CAD, *n* (%)593 (44)52 (42)541 (44)0.76Stress type\< .0001  Physical exercise test, *n* (%)519 (38)11 (9)508 (41)  Pharmacological test, *n* (%)842 (62)112 (91)730 (59)Abnormal MPI, *n* (%)462 (34)44 (36)418 (34)0.65Total perfusion defect \> 10%246 (53)27 (61)219 (52)0.26Values are expressed as mean value ± standard deviation or as number (percentage) of subjects. *MPI* myocardial perfusion imaging, *CAD* coronary artery disease

Characteristics of overall population are also described according to stress SPECT-MPI results during COVID-19 pandemic and during the corresponding months of 2017--2019 (Table [2](#Tab2){ref-type="table"}). In both study periods, the percentage of patients with hyperlipidemia and known CAD was higher in patients with abnormal compared with those with normal stress SPECT-MPI findings, while during 2017--2019, patients with abnormal SPECT-MPI were older (*P* \< 0.05) and had higher prevalence of diabetes (*P* \< 0.005) and hypertension (*P* \< 0.001).Table 2Clinical characteristics of overall population according to MPI results during COVID-19 emergency and during 2017--2019 3-year's corresponding months20202017--2019Normal (*n* = 79)Abnormal (*n* = 44)*P* valueNormal (*n* = 820)Abnormal (*n* = 418)*P* valueAge (years)64 ± 1164 ± 80.7763 ± 1165 ± 11\< .05Male gender, *n* (%)23 (38)6 (43)0.05337 (41)73 (17)\< .001Body mass index (kg/m^2^)28.9 ± 4.928.1 ± 4.40.3829.1 ± 6.127.9 ± 4.2\< .001Chest pain, *n* (%)22 (38)15 (43)0.47308 (38)123 (29)\< .005Diabetes, *n* (%)28 (19)19 (36)0.40234 (29)156 (37)\< .005Dyspnea, *n* (%)29 (22)20 (25)0.34375 (46)200 (48)0.48Family history, *n* (%)36 (48)24 (41)0.34446 (54)223 (53)0.73Hypertension, *n* (%)66 (62)36 (76)0.81614 (75)354 (85)\< .001Hyperlipidemia, *n* (%)54 (55)38 (57)\< .05540 (66)317 (76)\< .001Smoking, *n* (%)15 (55)11 (57)0.43258 (31)132 (32)0.97Known CAD *n* (%)21 (55)31 (57)\< .001224 (27)317 (76)\< .001Values are expressed as mean value ± standard deviation or as number (percentage) of subjects. *MPI* myocardial perfusion imaging, *CAD* coronary artery disease

At multivariable logistic regression analysis (Table [3](#Tab3){ref-type="table"}), hypertension (*P* \< 0.05) and known CAD (*P* \< 0.001) were significantly associated with abnormal stress SPECT-MPI during both COVID-19 pandemic and the corresponding months of the previous 3 years. No significant interactions among risk factors were found. During the 2017--2019 period, also male gender (*P* \< 0.001) and diabetes (*P* \< 0.05) were associated with abnormal stress SPECT-MPI.Table 3Multivariable logistic regression analysis with abnormal MPI as dependent variable during COVID-19 emergency and during 2017--2019 3-year's corresponding months20202017--2019*β* coefficientSE*P* value*β* coefficientSE*P* valueAge0.0050.0230.834− 0.0040.0070.60Male gender0.1620.6390.7990.6710.166\< .001Body mass index− 0.0130.0490.785− 0.0240.0140.08Chest pain0.5420.5080.286− 0.2640.1490.08Diabetes0.5650.4660.2250.3100.148\< .05Family history0.1800.4540.692− 0.1630.1500.28Dyspnea0.3620.3820.343− 0.0850.1200.48Hypertension− 1.5730.709\< .050.3760.196\< .05Hyperlipidemia0.8220.6210.186− 0.2390.1670.15Smoking0.6190.5330.245− 0.1020.1520.50Known CAD0.1370.541\<.0011.9940.154\< .001*SE* standard error, *MPI* myocardial perfusion imaging, *CAD* coronary artery disease

Discussion {#Sec9}
==========

The results of this study show that, due to the restrictive medical measures for COVID-19 emergency, the number of stress SPECT-MPI procedures was significantly reduced during the pandemic compared with the corresponding months of the previous 3 years (i.e., 2017, 2018, and 2019). However, the proportion of abnormal stress SPECT-MPI was not different between the two study periods. This finding suggests that a significant number of patients, who would have performed MPI test with abnormal results, have been missed during the COVID-19 pandemic. Given the mean number of 139 abnormal stress SPECT-MPI detected at our institution in the previous 3 years during the time range corresponding to the COVID-19 pandemic, and given the 44 abnormal tests observed during COVID-19 outbreak, it can be hypothesized that there is a 68% of abnormal test missed.

Piccolo et al. \[[@CR8]\] recently investigated the association between the outbreak of COVID-19 and primary PCI rates due to ACS in the Campania region. They found evidence that the outbreak of COVID-19 was associated with a decline by 32% in the number of PCI due to ACS. Data presented by Piccolo and co-workers \[[@CR7]\] refer to the same region from which the patients belonging to this department come from. Even more concern may rise looking at reduced admissions for acute myocardial infarction during the COVID-19 pandemic not only in Campania region but also across Italy, with a parallel increase in fatality and complication rates \[[@CR18]\].

Our data also show that while patients with abnormal stress SPECT-MPI findings during the previous years 2017--2019 were older with higher proportion of diabetes and hypertension compared with those with normal imaging results, during pandemic COVID-19 outbreak, there was no difference between patients with normal and abnormal tests as regards to these clinical risk factors. This finding is not surprising given the high concern for vulnerability to COVID-19 in frail patients such as elderly subjects with hypertension and diabetes \[[@CR19], [@CR20]\]. Hence, it is reasonable that regarding frail population, the anxiety to become exposed to COVID-19 contagion while performing medical controls and diagnostic procedures has dominated the will to monitor CAD development on both sides of therapeutic alliance, from patient side through media communication and from health system side who was focused on relocation resources on COVID-19 pandemic management.

The lesson we learned from this global experience may be useful to improve nuclear medicine laboratories' daily activities. Such implementation should have been put into practice as standard protocol rather than only during potential new emergencies. This is the only way to assure high-quality healthcare performances in terms of numbers and therapeutic strategies regardless specific contingencies without sacrificing medical assistance in favor of emergency needs. Protection of healthcare personnel, with personal protective equipment use and strict hand and laboratory hygiene, should be always recommended. To minimize contact, all information regarding the performing test, clinical history data, and consent to undertake the test should be provided prior to the patients' on-site arrival. On the other hand, patient's compliance should be always assured with a brief and safe interview before test. Regarding the choice of imaging protocol during the pandemic, this aspect should take into account only the diagnostic and prognostic evidences provided by literature as regards to the maximum benefit of patients from the type of test performed preferring 1-day-pharmacological stress-first SPECT-MPI protocols to optimize not only radioactive dose exposure but also the time of patient staying in hospital facilities. Patient selection for SPECT-MPI should be based on clinical judgment on expected benefit to guide management, on the urgency of the test, and in discussion with the referring clinician.

There are numerous physical and social scars from the pandemic COVID-19 emergency that humanity is called to manage. Among those directly linked to COVID-19 disease, human beings need to be aware and fully prepared to deal with those less evident when all the lights were on SARS-COV2 virus. There is a concrete risk to have gone back to the pre-primary prevention era, when diagnosis and treatments were reached too late. Thus, there is an urgent need to restore mutual trust in all hospital facilities as places of care rather than virus spread centers to avoid a further, long-term and no less dangerous effect of COVID-19 outbreak on non-COVID-19 patients saved from the virus storm but not from the darkness of carelessness.

Conclusion {#Sec10}
==========

The number of stress SPECT-MPI studies was significantly reduced during the COVID-19 pandemic compared with the corresponding months of the previous 3 years. The lack of difference in the prevalence of abnormal stress SPECT-MPI studies between the two study periods strongly suggests that many patients with potentially abnormal test have been missed during the pandemic, in particular elderly subjects with hypertension and diabetes.
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